No-take reserves protect coral reefs from predatory starfish  by Sweatman, Hugh
Current Biology Vol 18 No 14
R598No-take reserves 
protect coral reefs 
from predatory 
starfish
Hugh Sweatman
The crown-of-thorns starfish, 
Acanthaster planci, is a predator of 
corals that is a major management 
issue on coral reefs [1]. It occurs 
throughout the Indo–Pacific and 
shows boom–bust population 
dynamics with low background 
densities and intermittent outbreaks. 
Three waves of population outbreaks 
have affected Australia’s Great Barrier 
Reef (GBR) since the 1960s. The 
waves of outbreaks appear to start 
~15˚S [2] and progress southward 
through the central GBR (Figure 1A), 
causing major losses of living coral 
on many reefs across a large area 
and dwarfing losses from other 
disturbances such as storms or coral 
bleaching over the same period [3]. 
Humans can potentially influence 
starfish population dynamics by 
exploiting predators, though evidence 
to date is circumstantial. Extensive 
surveys in the GBR Marine Park 
(GBRMP) show that protection from 
fishing affects the frequency of 
outbreaks: the relative frequency of 
outbreaks on reefs that were open 
to fishing was 3.75 times higher 
than that on no-take reefs in the 
mid- shelf region of the GBR, where 
most outbreaks occur, and seven 
times greater on open reefs if all reefs 
were included. Although exploited 
fishes are unlikely to prey on starfish 
directly, trophic cascades could 
favour invertebrates that prey on 
juvenile starfish. 
New starfish infestations arise 
through larval transport by the 
prevailing southward currents 
and outbreak populations die out 
after some years from starvation 
and disease [1]. Suggested (non-
exclusive) causes of outbreaks [1] 
include greater survival of starfish 
larvae caused by phytoplankton 
blooms from nutrients in terrestrial 
runoff, and anthropogenic reduction 
of predator populations causing 
higher survival of juvenile and adult 
starfish. Two studies [4,5] have found 
negative relationships between 
outbreaks and the abundances of possible fish predators of starfish, 
leading to the suggestion that marine 
protected areas (MPAs) might reduce 
outbreak occurrence [6].
To address the question of whether 
MPAs provide protection from 
outbreaks of A. planci more directly, 
I compared the frequency of starfish 
outbreaks on no-take reefs and on 
reefs that were open to fishing on 
the GBR, based on results of an 
extensive monitoring program. The 
initial zoning plan for the GBRMP 
was fully implemented by 1989, with 
no-take zones covering 4.5% of the 
region [7]. Zoning largely followed 
existing uses. Where possible, 
significant areas for activities that did 
not remove natural resources were 
zoned ‘no-take’ and conflicting uses 
on individual reefs were resolved 
by split zoning [8]. The zoning of 
individual reefs was not affected by 
their history of starfish outbreaks (see 
Supplemental data available on-line 
with this issue). Because starfish 
outbreaks occur in waves, not all 
the reefs that were surveyed for A. 
planci in any year were equally likely 
to have outbreaks. For this reason, 
only reefs within the regions where 
outbreaks were present in each year 
were included in the analysis (see 
Supplemental data).
There were fewer A. planci 
outbreaks in no-take zones. The 
majority of outbreaks occur on reefs 
in the mid-section of the continental 
shelf (Figure 1B); after allowing at 
least five years for zoning to take 
effect, surveys between mid-1994 and 
mid-2004 showed that proportionately 
fewer mid-shelf no-take reefs were 
affected by outbreaks of A. planci 
(20%), compared with mid-shelf reefs 
that were open to fishing (75%, Figure 
1C). When all reefs were considered, 
the corresponding values were 8% 
and 57% (Figure 1D).
The difference in frequency 
of outbreaks between no-take 
reefs and fished reefs is clear, 
but the ecological link between 
exploited fishes and A. planci 
remains uncertain. On the GBR, 
most outbreaks occur on mid-shelf 
and offshore reefs that are not 
accessible to most amateur fishers, 
while the primary target species 
of commercial fishers, coral trout Open No-Take
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Figure 1. Crown-of-thorns starfish outbreaks on Australia’s GBR.
(A) Location of reefs with outbreaks of A. planci 1992–2004 by latitude, showing southerly drift 
in the central GBR (14–21˚S) and the consistent presence of outbreaks in the Swain Reefs 
(~22˚S). (B) Number of records of outbreaks 1985–2004 on all GBR reefs grouped by position 
on the continental shelf. (C) Occurrence of outbreaks 1994–2004 on open and no-take reefs in 
the mid-shelf region of the GBR where most outbreaks occur; number of reefs with outbreaks 
(black bars) and without outbreaks (white bars) (n = 29, one-tailed Fisher’s exact test p = 0.036). 
(D) As (C), but including inshore, mid-shelf and outer shelf reefs (n = 56, one-tailed Fisher’s 
exact test p < 0.003).
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According to Weber’s law, a basic 
perceptual principle of psychological 
science, sensitivity to changes 
along a given physical dimension 
decreases when stimulus intensity 
increases [1]. In other words, the 
‘just noticeable difference’ (JND) for 
weaker stimuli is smaller — hence 
resolution power is greater — than 
that for stronger stimuli on the 
same sensory continuum. Although 
Weber’s law characterizes human 
perception for virtually all sensory 
dimensions, including visual length 
[2,3], there have been no attempts 
to test its validity for visually guided 
action. For this purpose, we asked 
participants to either grasp or make 
perceptual size estimations for real 
objects varying in length. A striking 
dissociation was found between 
grasping and perceptual estimations: 
in the perceptual conditions, JND 
increased with physical size in 
accord with Weber’s law; but in 
the grasping condition, JND was 
unaffected by the same variation 
in size of the referent objects. 
Therefore, Weber’s law was violated 
for visually guided action, but not 
for perceptual estimations. These 
findings document a fundamental 
difference in the way that object 
size is computed for action and for 
perception and suggest that the 
visual coding for action is based on 
absolute metrics even at a very basic 
level of processing.
According to Weber’s law, 
people’s sensitivity to changes 
in a given physical continuum is 
relative rather than absolute when 
measured in physical units [1]. The 
minimum detectable increment 
in stimulus magnitude (JND) is 
therefore proportional to stimulus 
magnitude. Weber’s law is the first 
and still the most widely tested 
(and confirmed) formal principle 
in modern psychological science 
[2]. It has been found to account (Plectropomus spp.), are specialized 
predators of fishes. The evidence 
that any exploited fishes are 
significant predators of A. planci is 
circumstantial or anecdotal. Fishing 
commonly removes large predators 
and has led to trophic cascades 
involving multiple trophic levels in 
other marine systems (for example 
[9]). A study comparing near-shore 
fish communities in no-take and in 
fished areas on the GBR [10] found 
that numbers of coral trout were 
higher in no-take areas, while a 
majority of likely prey species were 
less abundant, including the common 
benthic-feeding wrasse, Thalassoma 
lunare. A plausible positive link 
between commercially exploited 
fishes and predation on A. planci 
could involve higher numbers of large 
piscivores in no-take areas reducing 
densities of benthic carnivorous 
fishes such as wrasses, so causing 
ecological release of invertebrates 
that prey on very small A. planci. A. 
planci juveniles live hidden in rubble 
for 16–19 months after settlement [1] 
and have very high disappearance 
rates that are not due to emigration 
[11]. This implies that the invertebrate 
faunas in the rubble habitat of 
juvenile A. planci should also differ 
predictably between no-take and 
fished reefs.
The GBRMP was re-zoned in 
mid-2004, increasing the no-take 
zones from 4.5% to 33% of the 
area of the park [7]. Whatever the 
underlying mechanism, this study 
suggests that this increase should 
reduce the overall impact of future 
waves of A. planci outbreaks. 
That effect may be amplified if 
fewer reefs with starfish outbreaks 
mean less effective propagation of 
outbreaks from reef to reef through 
the central GBR. More generally, 
the geographic range of A. planci 
includes the most biodiverse [12] as 
well as some of the most threatened 
reefs [13] on earth; this study 
provides an additional argument 
for establishment of effective MPAs 
across the range [14], as refuges 
from exploitation and other threats 
and as sources for recolonisation 
of damaged reefs to increase 
ecological resilience.
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